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Line-Scan Imagery Interpretation
Tests show how PI performance deteriorates with 
im age degradation.
I n t r o d u c t i o n
I N MODERN RECONNAISSANCE eq u ip m e n t lin e -sca n  m e th o d s  a re  used. T h e y  offer p ic tu r e s  b u i l t  u p  of c o n tig u o u s  lines (such  as 
o n  a T V -s c re e n ) .  T h e  e x tra c tio n  of usefu l an d  
s ig n i f ic a n t  in fo rm a tio n  from  su ch  p ic tu re s  
s t i l l  re q u ire s  a h u m an  o b serv e r. T h is  raises 
q u e s t io n s  a s  to :
1. T h e  design of sensors, especially w ith regard to  p resentation  of the  information obtained, an d
tively  large p a r t  of th e  follow ing s tu d y  is 
there fo re  d ev o ted  to  th e  defin ition  of the 
s tim u lus  m a te ria l u sed  in  th e  experim ents.
T w o m a in  problem s, b o th  p e rtin e n t to  the 
d ev e lo p m en t of lin e -scan  eq u ip m en t, are 
s tud ied  in  th is  ex p erim en t: (1) W h a t is an 
accep tab le  degree of re so lu tio n ?  and (2) Are 
th e re  a n y  a d v a n ta g e s  of s te reo -p re sen ta tio n ?
M a t e r i a l
A p rop er design of th e  ex p erim en t m ad e  it 
necessary  to  have s te re o -p h o to g rap h s  which
A h s t r a c t :  A n  im age in terpreta tion  experiment, involved the in terpreta b ility  of 
lin e -sca n  pictures. Care w as taken to use s tim u lu s  m aterial fabrica ted  with  
eq u ip m en t whose transfer characteristics were well defined. S ystem  param eters  
a s used in  the experim en t are given by the M odula tion  T ransfer  Function. 
S tim u lu s  m a teria l thus obtained w as presented to tra ined photo in terpreters for  
va rious tasks  (detection , d iscr im in a tio n , depth estim ation). R esu lts  were an ­
a lyzed  a s  a fu n c tio n  o f two experim en tal variab les : level of degradation, and 
stereo versus non-stereo presentation. Curves show the deterioration o f P I  ac­
cu racy  w ith  increa sing  degradation. Stereo presentation proved to be o f very 
l im ite d  u se fu ln ess: it  seems to increase accuracy on ly  fo r  typical heighth estim a­
tio n  tasks in  co n junc tion  w ith  moderate degree o f degradation. T h is  lim ited  ad­
vantage o f  stereo presentation is  obtained a t a cost o f a n  overall increase in  time 
sp en t at the tasks.
2. T he train ing of photo-interpreters (P i's )  in 
reading the unusual material presented to them .
A n  e x p e r im e n t w as th e re fo re  co n d u c te d  to  
p r o b e  th e  effec t of im a g e  d e g ra d a tio n , o ften  
i n h e r e n t  in  lin e -scan  im a g e ry , on th e  e x tra c ­
t i o n  o f in fo rm a tio n  b y  P i 's  fro m  T V -ty p e  
im a g e r y .  A n  e x p e r im e n t of th is  ty p e , how ­
e v e r ,  c a n  b e  successfu l a n d  co m p le te  o n ly  if 
t h e  p h o to g ra p h ic  m a te r ia l  used in  th e  te s ts  is 
c le a r ly  a n d  u n a m b ig u o u s ly  defined. A rela-
* Now a t  U niversity of Groningen, T he N ether­
lan d s .
fulfill a  n u m b er of req u ire m en ts . F ir s t  the 
basic p h o to g rap h ic  m a te r ia l should be per­
fectly  defined  as to  c o n te n t, as to  physical 
p a ra m e te rs  (heigh t, s te reo -b ase , etc.) a n d  as 
to  th e  tran sm iss io n  ch a rac te ris tic s  of the 
w hole sy stem . Secondly , th e  c o n te n t h a s  to 
allow  for all so rts of P l-q u e s tio n s  in sy s tem ­
a tic  v a ria tio n . F or th e se  reaso ns  it  w as im ­
possible to  use real life a e ria l pho tographs. 
T h e  m ere req u ire m en t o f a  co n s ta n t stereo- 
base is a lrea d y  p ro h ib itiv e  in  th is  resp ec t. I t  
was th e re fo re  decided to  use ph o tographs 
m ade of a  sm all-scale m odel.
502
LINE-SCAN IMAGERY INTERPRETATION 503
THE MODEL
T h e m odel w as 7 .5 X 2 4  feet, and was care­
fully b u ilt a t  a  scale 1 :86. T h e  scene contains 
a sm all v illage w ith  s ta tio n , a num ber of 
factories su rro u n d e d  by open  terra in , a canal, 
a cargo s ta tio n . V ario us m ovable objects 
could be p laced  in  th is  scene, such as soliders 
and civ ilians; cars, m ilita ry  an d  civil lorries; 
ra ilw ay  w aggons, lorries an d  engines; tan ks, 
rockets, m ach ine  guns an d  o th e r artillery ; 
heaps of san d  of d ifferen t heights; facto ry  
ch im neys an d  spurce trees of v a ry in g  heights; 
in te rch an g eab le  v ia d u c ts  an d  tr id g es ; a  n u m ­
ber of ch ang eab le  build ings, etc. T o have an 
o p p o rtu n ity  to  com pare th e  de tec tab ility  of 
ob jects in  v a rio u s  contex ts, fou r arrangem en ts 
of th e  w hole scene were m ade by vary ing  the  
location an d  k ind  of the  m ovable objects.
PHOTOGRAPHIC PROCEDURE
All p h o to g rap h s  of th e  m odel were m ade 
u n d er well defined co nd itions w ith a  Rollei- 
cord cam era  (1 :3 .5 ; ƒ  == 75 m m ). T h is  cam era 
was th o ro u g h ly  tested beforehand  and test 
p a tte rn s  w ere also inc luded  in  the  model for 
la te r  ev a lu a tio n  of th e  pho tograph ic  proce­
dure.
A flash ligh t was a tta c h e d  close to  the  
cam era  lens in o rder to  o b ta in  shadowless 
p ic tures. C am era  and  flash ligh t were m ounted 
above th e  m odel a t  a  he igh t 8 ft. 10 in. F o r a 
scale of 1 :8 6  th is  corresponds to an  a ltitu d e  of 
760 ft. T h e  stereobase  of 9.8 inches corre­
sponds to  a real d is tan ce  of 70 feet.
All these  pho to g raph s were then  degraded 
to  line-scan p ic tu res w ith  a flying-spot- 
scan n er system . (F igure 1.) Such a  system  is a 
good rep resen ta tio n — a t least for th e  experi­
m en t to  be described— of an  optical line-scan 
system  for aeria l reconnaissance and i t  gives 
th e  ex p erim en ter m ore flexibility and  the
possibility of in troducing degradation in well 
determ ined steps.
THE FLYING-SPOT-SCANNER SYSTEM
T he system  of F igure 1 consists of a cat- 
hode-ray tu b e  and a  lens. On the screen of the 
ca thode-ray  tu be  a  ras te r is w ritten by the 
electron beam . This ras te r is projected on the 
negative u n d er te s t by the  lens. This negative 
is thus scanned line afte r line. The light trans­
m itted  th ro ug h  the  negative falls on a photo­
m ultip lier tu b e  afte r passing a condenser sys­
tem . T his lig h t is th us  m odulated in in tensity  
by  the negative. T he photom ultiplier gives an 
electrical signal proportional to this luminous 
in tensity . T h is  signal is amplified and fed to  a 
T V  p ic tu re  tube . T he num ber of amplification 
steps is such th a t  a  positive image is obtained 
on the  screen of th is tube. T his positive image 
was photographed.
A m ajor fea tu re  of this type of sim ulator is 
its  ab ility  to  degrade image detail in well de­
term ined steps and the possibility to d isp lay / 
images w ith  any arb itrarily  chosen signal 
noise ratio . T his is possible w ith the' use of a 
noise genera to r giving a signal which can be 
added linearly  to  the  video signal.
T he system  of F igure 1 is a 625-line system  
using 2 :1  in terlaced  scanning w ith a fram e 
repetition  ra te  of 25 fram es/sec. Synchronisa­
tion betw een the  rasters  of the  flying-spot- 
scanner and  the TV  m onitor tube is obtained 
with a  specially designed pulse generator.
T he system  is considered as defined when 
the m odulation  transfer function (M T F ) has 
been determ ined  (Elias e t al, 1952; Hem- 
penius, 1964; Schade, 1951-1955). T he M T F  
gives th e  frequency response of the system  to 
the energy spectrum  a t  its input. T he system  
tinder consideration  can be treated  in th ree 
parts. A  division is m ade in parts w here
m
flying spot scanner T.V. picture lube
F ig . 1. F ly in g -sp o t scann er system .
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elec tro -op tica l tra n s fo rm a tio n s  ta k e  p l a c e  a n d  
a  pu rely  e lec tro n ic  p a rt.
I. Negative (original). O u tput p h o to m u lt ip l ie r  tube. The modulation in luminous i n t e n ­sity caused by the  negative is t r a n s f o r m e d  into an electrical signal.II. Output photomultiplier. C athode o f T V -  
picture tube. T he electrical signal o b t a i n e d  under I is amplified.III. Cathode TV-picture tube. Film  in r e c o r d in g  
camera. T he electrical signal is a g a i n  
transformed into a spatial in te n s ity  d i s ­tribution, which distribution is re c o rd e d  o ft film. The M T F of the whole system  ia  t h e  
product of the M T F ’s of the three p a r t s .
C om parab le  q u a n ti t ie s  a re  in te n s i ty  a n d  
voltage. I t  w as  fo u n d  th a t  th e  p h o t o g r a p h i c  
process used for th e  reco rd ing  of th e  f in a l  i m ­
age in trodu ces no fu r th e r  d e g ra d a tio n  i n  i m ­
age qua lity . T h is  m e an s  th a t ,  in  fac t, w e  c a n  
c u t stage I I I  a t  th e  screen  of th e  T V - p i c t u r e  
tu be , because th e  cam era , e tc ., d o e s  n o t  
influence final q u a lity .
T h e  speed of th e  lig h t s p o t of th e  f l y i n g -  
sp o t scanner o v e r th e  n eg a tiv e  d e te rm in e s  t h e  
pa ram ete r for th e  tra n s fo rm a tio n  o f t h e  
spa tia l in te n s ity  d is tr ib u tio n  in to  a  d i s t r i b u ­
tio n  in tim e. T h is  speed  can be d e t e r m i n e d  
(given th e  line frequency) by  m e a su rin g  t h e  
w id th  of th e  ra s te r  a s  p ro jec ted  on  th e  n e g a ­
tive, o r by co m p ariso n  of th e  w id th  o f  t h e  
te s tp a tte rn  on th e  ( in p u t)  n e g a tiv e  w i th  t h e  
electrical signal on  an  oscilloscope. T h e  i n ­
ten sity  d is tr ib u tio n  o f in p u t  a n d  o u t p u t  
signal was d e te rm in e d  by  m e asu rin g  t h e  
den sity  (along a  line) of th e  o rig ina l n e g a t i v e  
an d  th e  o u tp u t  n e g a tiv e  w ith  th e  a id  o f  a  
m icrodensitom eter.
T h e  following te s tp a t te rn s  w ere u sed :
1 -
B
: r  r-  c
F ig . 2. a. T estpattern , b. O utput of P a rt I I ,  c. Reproduction on TV-screen.
F ig . 3. Transfer characteristics of the system.
A sine-wave pattern, in which the density variessinusoidally. The frequency increases to one side.
A bar pattern.Three bar patterns.
A s an  exam ple we include in F igu re 2 the  
b a r  p a t te rn ,  th e  electrical signal caused by 
th is  p a t te rn  a t  th e  end of p a r t  I I  of the  sys­
tem , a n d  th e  final im age as ob ta ined  by 
p h o to g rap h in g  th e  T V -p ic tu re  tube.
F ig u re  3 gives th e  M T F  for th e  th ree  pa rts  
of th e  system  and  th a t  of th e  system  as a 
w hole.
T h e  system  is m ade such th a t  resolution  is 
in so fa r  as  possible equal in b o th  d irections: 
a lo ng  a  line and a t  r igh t angles w ith  it. T h is 
w as te s te d  by  placing the  te s t  p a tte rn s  in  bo th  
d irec tio n s . F igure 3, how ever, gives th e  M T F  
a lo n g  a  line. E xam in ation  of th is  figure shows 
t h a t  p a r t  I is lim iting  th e  system  perfor­
m ance. T h e  reason is the  long decay tim e of 
th e  p ho sp h o r of th e  flying-spot-scanner tube.
T h e  ab ove analysis can be applied only if 
th e  sy s tem  can be considered as linear. Al­
th o u g h  w ith  some ad ap ta tio n s  th is analysis is 
also  app licab le  to system s contain ing  a cer­
ta in  a m o u n t of non -lin earity  (Langler and 
M u lle r, 1963), the  basic theory , in principle, 
c a n  o n ly  be used w ith  linear system s.
L in e a r i ty  was therefo re tested  w ith the  aid 
o f a  p ho tograph ic  s tep  wedge. R eproduction  
of th is  wedge by th e  system  should give an 
id e n tic a l wedge a t th e  ou tp u t. T his proved to 
b e  th e  case tor a density  v a ria tio n  of 0.85 I),
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scanner resolution in m rad / I  T.V.tine)
resolution in i^nes/ mm on 57x57 mm negative 
j. 4. Modulation Transfer Function of total system.F it
w hich m eans an  in te n sity  range of ab o u t 1 to 
9. T h e  lim itin g  co m p on en t is here the  screen 
of th e  T V -p ic tu re  tube.
PREPARATION AND QUALITY OF THE STIMULUS 
MATERIAL
K now ing  th e  M T F  of th e  cam era  and its 
place ab ove the  m odel we now can give re ­
solu tion  n o t only  in  lin e s /m m  over th e  nega­
tive, b u t  also in  m eters  over th e  ground or in 
m illirad ians an g u la r  reso lu tion . T h is  is done 
in F igu re  4 w ith  cu rve C -l, g iv ing th e  M T F  of 
th e  cam era, w hich p roduced  th e  original nega­
tive, re la tiv e  to  a  series of sy s tem  param eters.
T h e  d eg raded  (line-scan) p ic tu res  were ob­
ta in ed  as follows. F irs t th e  se ttin g  of p a rt  f of 
th e  fly ing -spo t-scanner sy s tem  (Fig. 1) was 
m ade such th a t  th e  whole n egative  was illu­
m ina ted  b y  th e  raster. T h is  gives the  best 
rep rod u ction  for the  w hole n egative  as possi­
ble w ith  th is  system . T h e  M T F  of th e  whole 
system  is th en  given by cu rve  C-2 in  F igure  4. 
F o r th e  second deg rad a tio n  only  a  p a rt of the  
ra s te r  is im aged on th e  negative . T h is  gives 
curve C-3 in F igure 4. G rap h  4 gives resolu­
tion also in lin es/m m , using 2 .3 X 2 .3-inch 
negatives for th e  rep rodu ction .
F igu re 5 gives an  exam ple of th e  im ages 
finally ob ta ined .
T h e  defin ition  of im age q u a lity  as described 
is done b y  g iv ing th e  M T F  of the  system  for 
th e  negatives finally  o b ta ined , as well for the 
original as for th e  rep rod u ction s  C-2 and C-3. 
F or the  ac tu a l tes ts  th ese  negatives were 
p rin ted . T h is  p rin tin g  process w as no t con­
tro lled . F o r th e  degraded  im agery  this plays 
no role, because th e  p ho tograph ic  process is of 
m uch h igh er q u a lity  th a n  the  flying-spot- 
scanner system . F or the original, however,
(contact prin ts) we m ust expect a response 
som ew hat worse than  given by  curve C -l in 
Figure 4.
Because of the lim ited linearity, we take 
resolution a t  the  IS percent con trast level as 
'lim iting resolution. T his choice is in fact a b it 
a rb itra ry  and  conventional, b u t we need a 
single figure per degradation to  be used as re­
ference along one of the axes of the figures in 
the  following sections. T he resulting figures 
for resolution are given in T able 1.
E x p e r im e n t a l  D e s ig n
t h e  3 - d  s y s t e m
Photo in te rp re ta tio n  tasks were classified 
into three types:
Detection tasks. The PI has to look for a known object (indicated by means of a picture, & description or a name), the location of which is not given. For example, the PI is given separate photographs of a lorry; he is told that such a lorry is contained in the scene and asked to indicate the location of it by specifying co­
ordinates.Discrimination tasks. The location of the target is given. The P.I. has to identify the object (often among a number of alternatives) or to specify its orientations. For instance, the
T a b l e  1. L im it in g  R esolution  at 
15 P er c en t  C o ntrast L evel
Curve in 
fig- 4 Over ground
l/mm on 
57X57 mmnegative
Angular
res.
(1 TV- 
Line)
C -l 0.1 m or 4" 33 0.2 mrad.
C-2 0.69  m or 27" 4.8 1.4 mrad.
C-3 1.85 m or 70" 1.9 3.8 mrad.
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P I is given a separate picture of five different kinds of trucks; he is asked to say which of these 
is present a t  a given location of the scene.Depth tasks. .Logically these tasks are only a variety  of the discrimination type, b u t for the 
purpose of this study, specific depth  discrim ina­tion problems were treated separately, in order to obtain data about the usefulness of stereo information. And for the same reason, non­stereo depth cues were elim inated in these tasks. 
Our depth tasks are therefore restricted to targets which have no characteristic height of 
their own. For example, the P I is asked to  indi­cate the order of height of five trees.Even then, it is not precluded th a t  a  PI a ttem pts an answer on the basis of non-stereo- scopic m aterial. Our argum ent however is: where previous studies have denied the  useful­
ness of stereoscopic presentation, our depth 
tasks allow a maximum opportunity  for stereo presentation to  reveal its effects. If stereo presentation has no effect here, it can no longer be assumed to  have any usefulness a t  all within the range of m ilitary P l-tasks (with the possible exception th a t stereoscopy m ight be used for com parative cover, i.e., the detection of changes in the scene if two pictures are giveji which are 
taken successively, with a certain tim e interval). Of course, the usefulness of stereoscopic m aterial for photogram m etry or various geological pur­
poses falls outside the scope of this discussion.
DESIGN OF THE EXPERIM ENT
T h e  design  of th e  ex p erim en t w as g u id ed  by 
a  n u m b e r  of p rac tic a l co n sid e ra tio n s . F irs t, 
th e re  w ere lim its  as  to  th e  to ta l  n u m b e r  of 
su b je c ts  av a ilab le . T h e n , i t  d id  n o t  seem  rec- 
om m en d a b le  to  s tu d y  each  s u b je c t fo r lo ng er 
th a n  a b o u t  th re e  ho u rs. (A p re lim in a ry  s tu d y  
rev ea led  s tro n g  o rd e r  effects, in  t h a t  P i ’s d id  
te n d  to  w o rk  fa s te r  an d  fa s te r an d , a t  th e  en d  
of a  long series of ta sk s , did ten d  to  d ism iss  a  
q u e stio n  in  few seconds, w h ereas  a  s im ila r  
q u e stio n  w ould  a t  th e  beg in n in g  of th e  series  
h a v e  occup ied  th e m  for som e tim e ). O n  th e  
o th e r  h an d , o u r s tu d y  req u ire s  a  n u m b e r  of 
c o n d itio n s ; a t  le a s t tw o for s te reo  (s te re o  p re ­
se n ta tio n  an d  no n -s te reo  p re se n ta tio n ) , an d  
a t  lea s t som e for d e g ra d a tio n , A  final co m ­
p rom ise a re  th e  th re e  levels of d e g ra d a tio n  
g iven  in th e  foregoing  section , th u s  six  co n d i­
tio n s  in all. A so m ew h a t re liab le  e s t im a te  of 
p e rfo rm an ce  u n d er each  co n d itio n  m ak es  i t  
necessa ry  to  a sk  q u ite  a  n u m b er of q u e s tio n s  
(especially  so since th e  d a ta  are  s e p a ra te d  in to  
th e  3-D  ca teg o ries), so th a t  o n e  h o u r  pe r s u b ­
je c t  per co n d itio n  looked rea so n a b le . T h is , 
th e n , lim its  th e  n u m b e r  of c o n d itio n s  to  be 
g iven  to  one su b je c t to  th ree  (b ec au se  th e  
to ta l  w o rk in g  tim e  w as se t a t  a b o u t  th re e  
hours).
I t  will be e v id e n t th a t  for each  c o n d itio n  a 
new  se t of q u e stio n s  h a d  to  be g iven  to  a  s u b ­
je c t ;  he c a n n o t be g iven  th e  sam e  q u e s tio n s  
o v e r an d  o ve r ag a in . T h e re fo re  w e n eed ed
F i g . 5. Exam ple: C l original; CZ first degrada­tion; C3 second degradation.
th re e  se ts  of q u estio n s , w h ich  a re  ca lled  th e  
A , B  an d  C sets, re sp ec tiv e ly . T h is  d iv ision  
in tro d u c e s  in e v ita b ly  a n o th e r  in d e p e n d e n t 
co n d itio n , sets o f q u estio ns , w h ereas th e  order 
in  w h ich  th e  sets a re  g iv en  to  a  su b je c t,  also 
b rin g s  up  a  new co n d itio n , te c h n ic a lly  speak ­
ing.
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T h e  design  finally  ad o p ted  w as a  b a lan ced  
in co m p le te  block design. (A ctually , we used  
plan 11.4 from  C o ch ran  & C ox (1957), w ith  
the d ifference th a t  each b lock  w as rep e a ted  
th ree tim e s  in th e  form  of a  L a tin -G ra e c o  
square  w ith  order of p re sen ta tio n  a n d  se ts  of 
q u estio n s  as  ad d itio n a l v a riab les). T h is  design 
req u ires  30 sub jec ts. T hese  s u b je c ts  w ere 
tra in e d  P i ’s w ith  ex tensive  ex perience  in  
s te reo  a s  well as non -stereo  p h o to  in te rp r e ta ­
tion.
THE QUESTIONS
A fte r  som e p re lim inary  ex p erim en ts, th ree  
final l is ts  of qu estio n s  w ere chosen. E a c h  se t 
w as m a d e  up  of 19 questions, co n sis tin g  of 4 
for d e tec tio n , 9 fo r d isc rim in a tion , an d  6 for 
d e p th .
PROCEDURE
E a c h  su b jec t received a box w ith  th e  com ­
p le te  s e t  of 96 p h o to g rap h s  in  s e p a ra te  en ­
ve lopes. A Zeiss A e ro ty p e  p o ck e t s tereo sco p e 
w as p ro v id ed , an d  also an  o v e rla y  g rid . T h is  
grid  h a d  a  coo rd ina te  sy s tem  e tc h ed  on i t  
w h ich  se rv ed  to  specify locations on p h o to ­
g ra p h s  (in question  an d  in an sw ers). T h e  P i ’s 
w o rk ed  in  groups of ten , sea ted  a t  s e p a ra te  
tab le s . T h e y  were prov ided  w ith  a  lo w -w a tt 
m o v a b le  tab le  lam p. In s tru c tio n s  w ere given 
in  w r i t te n  form ; th ey  inc luded  a d e ta ile d  ex­
p la n a tio n  of th e  whole p ro ceed in g  w ith  
e la b o ra te d  exam ples. D u rin g  th e  experi­
m e n ta l session tim e reco rd ings w ere  m ad e  of 
th e  t im e  sp en t by  each P I on each ca te g o ry  of 
q u e stio n s .
R e s u l t s
s c o r i n g
I n  o rd er to achieve an  a p p ro x im a te ly  eq ual 
c o n tr ib u tio n  of each q uestio n  to  th e  final 
score, an sw ers w ere scored acco rd in g  to  a  p ro ­
c e d u re  w hich essen tially  com es dow n to 
d iv id in g  th e  answ ers in  a b o u t eq u a l h a lves  of 
correct answ ers an d  fa lse  answ ers. A fte r  th is  
co rrec tio n , scores w ere ad d ed  for each  c a te ­
g o ry  of questions, resu lting  in n in e  scores per 
s u b je c t  th ree  ca tegories of ta sk s  tim es th ree  
co n d ition s . T h erea fte r, a  to ta l  score was 
d e riv e d  from  th e  th ree  c a teg o ry  scores by  
ad d in g  th e  la t te r  a f te r  an o th e r co rrec tio n  for 
u n e q u a l variances. T h e  w hole p ro ced u re  has 
th e  effect th a t  final scores c a n n o t be in te r ­
p re te d  in term s of mtmber of correct answers  or 
s im ila r  rea lis tic  notions. Scores can  on ly  be 
co m p ared  am ong them selves, a n d  have  no 
ab so lu te  m eaning. T h is  is no d is a d v a n ta g e  as 
co m p ared  to  a  score like percentage o f correct
answers, as th e  la t t e r  score d epend s largely on 
th e  level of d ifficu lty  of th e  questions, which 
is b y  itself an  a rb i tra ry  choice.
A n easy an d  in te llig ib le  w ay  of looking a t  
o u r d a ta  is to  co nsider th e m  as re la tiv e  to  th e  
to ta l  score w hich  w ould  hav e  been ob ta ined  if 
all answ ers w ere co rrect. E ven  then , the  
a rb itra r in e ss  of level o f d ifficulty  rem ains.
RESULTS
T h e  resu lts  are  g iven in F igures 6 to 10 for 
to ta l scores, scores for d e tec tion , d iscrim ina­
tion  an d  d e p th  ta sk s , an d  to ta l  tim e, respec­
tively. T h e  d a ta  w ere tre a te d  by an analysis of 
v a rian ce  fo r in co m p le te ly  balanced  blocks 
(C ochran  a n d  Cox, 1950). T h is  w as done for 
to ta l  tim e, an d  for accu racy  of detection , 
d isc rim in a tio n  an d  d e p th  task s  separa tely . 
T h e  resu lts  g iven in  th e  F igures 6 to  10 are 
co rrected  t r e a tm e n t scores, i.e., corrected  in 
th e  usual w ay  for ba lanced  incom plete  block 
designs. T h e se  co rrec tions are  v e ry  sm all in. 
m o st of th e  cases. T h e  follow ing gives a  quick  
su m m ary  o f s ta tis tic a lly  sign ifican t results.
E ffect o f 'sets o f questions’. N o difference in 
to ta l  tim e w as s p e n t on th e  tasks, b u t there 
a re  co nsid erab le  differences for d iscrim ination  
ta sk s  an d  also d ifferences for de tec tion  tasks. 
T h ere  is no  reason fo r com m en ts upon th is  
resu lt; an y  difference is o n ly  a  consequence  of 
th e  ex p erim en te r 's  a rb i tra ry  choice of ques­
tio n s  an d  h a s  no b earin g  upon  P I  perform ance 
as  such.
Order has a  v e ry  co nsiderab le  rela tion  w ith  
to ta l tim e  sp e n t on th e  task s; m ost of the  tim e 
is sp e n t on  th e  firs t task s. I t  is, of course, n o t 
clear w h e th e r th is  is a  m a tte r  of learn ing  an d  
becom ing fam ilia r w ith  th e  ty p e  of task , or a  
m a tte r  of speed ing  u p  because of boredom  o r 
loss of in te re s t  o r b o th , or an y  o th e r  guess one 
w an ts  to  m ake. O rd e r also affects accu racy  in 
d e tec tion  ta sk s , in th e  sense of an  im p ro v e­
m en t (th e  second an d  th ird  trials  show  im -
FtG. 6. T otal performance accuracy as a function of experimental conditions.
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F ig . 7. A ccuracy scores for de tectio n  tasks. I'IG. 9. A c cu rac y  sco res fo r d e p th  task s .
provem ents of 23 and 35 percent respectively 
in relation to  the first), b u t has no effect for 
discrim ination or for depth  tasks.
Subjects, T here are significant differences 
betw een subjects as to  to ta l tim e sp en t on the 
task, b u t not as to  accuracy scores.
Conditions are found to have significant 
effects everywhere. As to  to ta l tim e, bo th  
stereo and non-stereo conditions and various 
levels of degradation are effective. S tereo 
in te rp re ta tion  takes significantly m ore tim e 
(.001 level of significance), and the  o ther 
effect is th a t undegraded m aterial takes less 
tim e for in te rp re ta tion  (.01 level). T here  is no 
difference in this respect between 27-inch and 
70-inch levels of degradation.
As to  accuracy scores: there is no difference 
betw een stereo and non-stereo presen ta tion , 
except for depth  tasks, where the  difference 
a tta in s  5 percent level of significance (Figures 
7, 8 and 9). However, there is also an in te rac­
tion between degradation and stereo in these 
dep th  tasks (.01 level) from which can be con­
cluded th a t this effect of stereo in te rp re ta tio n  
is only present w ith undegraded m ateria l and 
disappears com pletely with the 70-inch deg­
radation . D egradation has a clear-cut effect 
for all questions (.001 level).
D is c u s s i o n
RESOLUTION
R esolution a p p ea rs  th e  im p o rta n t fac to r in 
in te rp re tab ility  of p ho to g rap h s. I t  is seen in 
Figure 6, th a t  p e rfo rm an ce  d rop s  from  a 80 
percent level for th e  un d eg rad ed  m ateria l, to 
m uch lower levels for reso lu tion s 27 inches 
and 70 inches. I t  is  d ifficult to  say  to  w h a t ex­
te n t the  responses a t  th e  low est level (70 in.) 
reflect m ere guessing from  th e  p a r t  of th e  sub­
jects. In  o th e r w ords, w h a t could a  P I  have 
answ ered our q u estio ns  if we had  n o t given 
them  an y  ph o to g rap h s  a t  all? T h is  can be 
estim ated  only  v e ry  rough ly . T h e  estim ation  
of chance level in  de tec tio n  ta sk s  is th e  m ost 
reliable one, an d  if we ta k e  th ese  ta sk s  as a 
norm , i t  is seen th a t  perfo rm an ce d e te rio ra te s  
from 80 pe rcen t a t  4-in. pho tos to  a b o u t 15 
percent a t  the  70-in. pho tos.
L east affected b y  d e g rad a tio n  are orienta­
tion questions (e.g., th e  d irec tion  of m ove­
m ent of a ta n k ) ; i t  seem s th a t  m inim al cues 
are needed for d iscern in g  th e  o rien ta tio n  of 
fam iliar objects. I t  is w o rth  no tin g  th a t  the
F ig . 8. A ccuracy scores for d iscrim in atio n  tasks. F ig . 10. T o ta l  t im e  sco res a v e ra g e d  ov er su b jec ts .
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F ig . 11. Time scores, averaged over subjects, for depth tasks only.
d irec tion  of scann ing  lines seem s to  h av e  no 
effect here as th e  objects to w h ich  th e  q u es­
tions refer v a ry  in th is  respec t. W e m ay add 
th a t  in  the  p re lim inary  ex p erim en t in w hich 
th e  questio ns w ere tested , w e fou nd  th a t  o ri­
e n ta tio n  questions tended  to  b e  too easy ; even 
a t  h igh  level of d eg rad a tio n  no fa ilu res oc­
cu rred .
F in a lly , we m ay com m ent on th e  re la tio n ­
sh ip  betw een degradation  a n d  in te rp re ta tio n  
tim e. F igu re 10 shows th a t  th e re  is an  increase  
of in te rp re ta tio n  tim e if one  goes from  4-in, 
p h o to s  to  27-in. photos. T h e re  is no fu r th e r  in ­
crease  in tim e if one com pares 27-in an d  70-in. 
p h o to s  (the  line -s tru c tu re  is a b se n t in  th e  u n ­
tre a te d  pho tograph s of 4-in . reso lu tion ). 
H ow ever, it  is only  n a tu ra l to  assum e th a t  
in te rp re ta tio n  tim e will d ra s tic a lly  decrease if 
d eg rad a tio n  is continued; a t  th e  level w here 
th e re  is literally  noth ing to  see, no  P I will 
sp en d  much tim e on this.
I t  is no t too  daring  th e re fo re , to  assum e 
th a t  in te rp re ta tio n  tim e an d  d e g ra d a tio n  
level have a  curv ilinear re la tio n  in  th a t  th e re  
is a  m axim um  tim e a t som e level of reso lu tion . 
T h e  a rg u m en t is su p p o rted  b y  look ing  a t  
d e p th  ta sk s  only. F igure 9 show s th a t  s te reo  
in fo rm atio n  is only  effective for these  ta sk s  a t  
levels 4 in, an d  27 in .; a t th e  70-in. level i t  is 
ab sen t. T herefore, one shou ld  ex pec t th a t  P i 's  
do  no t spend m uch tim e in try in g  to  p ick  up  
stereo  in fo rm atio n  a t  the  70-in. level, so th a t  
a t  th is level th e ir to ta l t im e  score for d e p th  
ta sk s  would be lower th a n  th a t  for th e  70-in. 
level. T his is co rrobo ra ted  b y  F igu re  11, 
w here the  stereo  cu rve in d eed  show s a  m axi­
m um  a t  the  27-in. level, w hereas th is  tre n d  is
m uch less m a n ife s t in  th e  non-stereo presenta­
tions.
STEREO
O ur second m ain  question was w hether 
stereo  p resen ta tio n  of pho tographs is useful 
for the  P I. T h e  resu lts  of our experim en t show 
th a t  stereo  p resen ta tion  has som e ad vantage 
for d ep th  task s . I f  one com pares F igures 7, 8 
an d  9, i t  will be noticed th a t stereo has no 
significan t effect for de tection  or discrim ina­
tio n  tasks, w h ereas for dep th  tasks there is a 
s ignifican t in te rac tio n  which can be in te r­
p re ted  to  m ean  th a t  stereo presen ta tion  gives 
b e tte r  resu lts  a t  the  4-in. level an d  a t  the  27- 
in. level; a t  resolution level of 70 in. the  a d ­
v an tag e  of s tereo  has disappeared. T he resu lt 
m eans th a t  s te reo  presentation  m ay have its  
ad v an tag es  for th e  heigh t estim ation  of ob­
jec ts  w ith  a  specific height, and only a t  
m od era te  degrees of degradation . For detec­
tio n  and  d iscrim ina tion  tasks, stereo p re ­
sen ta tio n  does n o t seem to be useful a t  all.
A decision on the  use of stereo p resen ta tion  
should also tak e  accoun t of th e  w orking speed 
of P i ’s, I f  we look  a t  th e  tim e scores in our ex­
p erim en t i t  is seen th a t  stereo in te rp re ta tio n  
tak es  m uch  m ore  tim e th an  non-stereo work. 
T h e  difference is significant n o t only w ith  
d ep th  ta sk s  (w here th e  increase in  tim e is a t  
least rew ard ed  by som e increase in accuracy), 
b u t  also w ith  de tection  and  discrim ination  
tasks, w here i t  is doubtfu l w hether stereo 
p resen ta tio n  h as an y  use. A t the  average, 
in te rp re ta tio n  of stereo m aterial takes 32 per­
cen t m ore tim e th an  in te rp re ta tio n  of single 
ph o tog rap h s (in  a p relim inary  s tud y  an  in ­
crease of 45 pe rcen t was found).
In  o u r opin ion, th is  is a  decisive a rg u m en t 
ag ain st th e  use of stereo p ic tu res for o b je c t 
iden tification . E ven if stereo  p resen ta tion  
would re su lt in to  a som ew hat b e tte r  accuracy, 
the  fac t t h a t  so m uch more tim e has to be a l­
lowed m akes stereo p resen ta tion  unprofitable. 
Only if th e re  are no practical lim its to  th e  
P i ’s tim e, stereo m igh t b ring  o u t  its  use (if 
th e re  is any) b u t  i t  seems m ost un realistic  to  
assum e th a t  P i ’s abound  in  tim e, pa rticu la rly  
now  th a t  m odern reconnaissance techn iques 
ten d  to b rin g  up so m uch m a teria l for in te r ­
p re ta tio n  a t  such a  high speed th a t  th e  real 
problem  seem s to be how to  d igest th is  a b u n ­
dance.
T h e  on ly  possible flaw in  our a rg u m en t 
m igh t be th a t  th e re  is an  in tr ic a te  rela tio n  be­
tw een accu racy  a n d  tim e sp e n t on a ph o to ­
g raph . N am ely , (an d  i t  is n o t overlooked) 
th a t  th e  a d v a n ta g e  of s tereo  m igh t show  up 
again  if in te rp re ta tio n  tim e  w ere re s tric ted ,
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a n d  if P i ’s w ere  in s tru c te d  to  w ork  as  qu ick ly  
a s  possible in  th e  re s tric ted  tim e  allow ed.
C o n c l u s i o n s
1. P I  pe rfo rm an ce d e te rio ra tes  w ith  de­
g ra d a tio n  of th e  p ho to g rap h . T h e  a m o u n t  of 
d e te r io ra tio n  depend s upo n  th e  ty p e  of t a r ­
get, th e  ty p e  of ta s k  an d  th e  n u m b e r  of lines 
passing  th e  ta rg e t.
2. In te rp re ta t io n  tim e  increases w ith  25 
p e rc e n t from  4-in. reso lu tion  level to  a  27-in. 
level; no in c rease  w as found from  a  27-in. to  
70-in. level. I t  is assum ed  th a t  in te rp re ta t io n  
tim e  has a  m ax im um  a t  som e level of reso lu ­
tion . A t  first, tim e ten d s  to  in c rease  w ith  
d im in ish in g  reso lu tion , b u t w hen  fu r th e r  
d e g ra d a tio n  de le tes  th e  in fo rm atio n  co n ten t, 
tim e  decreases again.
3. S te reo  p re sen ta tio n  seem s useful on ly  
for h e ig h t estim a tio n  of o b jec ts  w ith o u t 
specific h e igh t, an d  th is  only for m o d e ra te  d e­
grees of d e g ra d a tio n . C u rre n t m ilita ry  P I-  
w ork  does n o t  o ften  co n ta in  th e  ty p e  of q u es­
tions w here s tereo  p resen ta tio n  is useful.
4. T h e  p e r tin e n t d isad v an tag e  o f s te reo  
p re se n ta tio n  is t h a t  i t  does in c rease  tim e 
sp e n t on photogi-aphs w ith  32 p e rcen t.
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Notice to Authors
1. M an u sc rip ts  should  be typed , dou- 
b le -spaced  on 8J X l l  o r 8 X 1 0 | w hite 
bond , on one side only. R efer­
ences, foo tno tes, cap tions— every­
th in g  should  be  double-spaced. M ar­
g ins shou ld  b e  1 |  inches.
2. Two  copies ( th e  original an d  first 
c a rb o n ) of th e  com plete m anuscrip t 
a n d  tw o  sets of illu s tra tio ns  should 
b e  su b m itte d . T h e  second se t of il­
lu s tra tio n s  need n o t be prim e quality .
3. E a c h  artic le  should  include an a b ­
s tra c t ,  w hich is  a  digest of th e  article. 
A n a b s tra c t  should  be 100 to  150 
w o rd s  in  leng th .
4. T a b le s  should  b e  designed to  fit in to  
a w id th  no m ore th a n  five inches.
5. I llu s tra tio n s  shou ld  n o t be m ore th an  
tw ice th e  final p r in t size: glossy 
p r in ts  of ph o to s should  be subm itted . 
L e tte r in g  should  be neat, an d  de­
signed for th e  reduc tion  an tic ipa ted . 
P lease include a  sep ara te  list of cap­
tions.
6. F o rm u las  should  be expressed as 
s im p ly  as  possible, keeping in m ind 
th e  difficulties an d  lim ita tions en­
co u n te red  in s e ttin g  type.
